ILLUSTRATIONS
. Low-flow characteristics for sites in the Red Cedar River "basin
INTRODUCTION
The Red Cedar River basin ( fig. l) is an area where surplus water h£.s been used extensively for irrigation. Since the drought of 1976, the use of this water has increased dramatically. A method is needed to provide uniform and accurate evaluation of the low-flow resource in this basin.
The purposes of this report are to determine the low-flow characteristics in the Red Cedar River basin where surplus water may be diverted and to present a method to determine low-flow characteristics at additional sites. The study was part of the low-flow project in cooperation with tire Wisconsin Department of Natural Resources (DNR).
The report includes: estimates of the annual minimum 7-day mean flew below which the flow will fall on the average of once in 2 years (Qy 2) and once in 10 years (Qy 10 ) at 71 sites; two equations that can be used to estimate low-flow characteristics where only one base-flow discharge measurement is available; and relationships for estimating low-flow characteristics on the main stem of the Red Cedar River between Mikana and Coifax.
For the convenience of readers who may want to use metric units, the data may be converted by using the following factors: The low-flow characteristics in table 1 are determined "by four methods of analysis, depending upon the type of data available. The four "basic types of data available are: (l) continuous record of daily streamflow (gaging stations), (2) 10 to lU "base-flow discharge measurements (low-flow partial-record stations), (3) U to 7 "base-flow discharge measurements (sewage-treatment-plant sites), and (U) a single discharge measurement made during August 23-26, 1977 , or March 21, 1978 , for this study (miscellaneous sites). a = frequency analysis at gaging station, b = correlation analysis using 10 to 14 discharge measurements at low-flow partial-record stations, c = correlation analysis using 4 to 7 discharge measurements at sewage-treatment plant sites, d = regression equations using Bf values, and e = graphical drainage area-discharge relationship.
GAGING STATIONS
The low-flow characteristics at the four gaging stations were determined by a frequency analysis of the recorded 7-day annual minimum flows. A logPearson Type III probability distribution was used to compute the frequency curves (Riggs, 1972) .
LOW-FLOW PARTIAL-RECORD STATIONS
The basin has six low-flow partial-record stations. Low-flow characteristics for these sites were determined from a relation line established by correlating 10 to lU base-flow discharge measurements at these stations to the concurrent discharges at gaging stations in the area (Gebert, 1971 )-The Q7 5 2 and ^7 10 a* "the continuous-record gaging stations then were transferred through the relation line to estimate Q_ ? and Q_ for the partial-record stations.
' '
SEWAGE-TREATMENT-PLANT SITES
For the 11 sewage-treatment-plant sites in the basin, h to 7 base-flow discharge measurements were available at each site. The same technique used for low-flow partial-record stations was used, except that fewer measurements were available to define the relation line (Gebert and Holms^rom, 197*0-The estimated low-flow characteristics for these sites generally were not as well defined as those at partial-record sites.
MISCELLANEOUS SITES
The data collected at the three types of sites discussed above provide considerable information on the low-flow characteristics in the Red Cedar River basin. They do not, however, provide adequate coverage to estimate the low-flow characteristics at the required sites for this study. Therefore, estimates had to be based on additional data.
It has been shown that a base-flow index (Gebert, 1978) , based on one base-flow discharge measurement, can be used in a regression analysis to provide equations for estimating low-flow characteristics.
The base-flow index is:
where: Q = discharge measured during base-flow conditions at the miscellaneous site, Qqo = 90 percent flow-duration discharge at nearby gaging station, A = drainage area at the miscellaneous site, and Q = discharge recorded at nearby gaging station on the same day the discharge was measured at the miscellaneous site.
To compute Bf values for an intervening drainage area between sites with discharge measurement the following procedure would be used. The upstream discharge would be subtracted from the downstream discharge to determine Qm . The same procedure would be applied to their respective drainage areas to determine A. Base-flow discharge measurements were made at 63 miscellaneous sites in the basin to determine the base-flow index (Bf) at each of those sites.
For this study an average value of Qpo/Qr "was obtained for use at all the miscellaneous sites. Multiple-regression analyses were used to determine the relationship between low-flow characteristics (dependent variables) and the drainage area and base-flow index (independent variables). Data from 18 sites were included in the analyses which include all the gaging stations , low-flow partial-record stations, and sewage-treatment-plant sites in the Red Cedar River basin.
The equations and their corresponding standard errors of estimate (£E) are:
Equation SE
(1) Q = 0.8l2A1 '°6Bf1 * 111 25 percent I **-
The standard errors of estimate reflect the accuracy or ability of the equations to fit the observed data. Values estimated by the regression equation are within the range of one SE at 67 percent of the sites and within twice this range at 95 percent of the sites.
To test the validity of equations (l) and (2) with streamflow data for other periods , the following comparisons were done using data collected f.t nine low-flow partial-record stations located within or near the Red Cedf.r River basin. Streamflow measurements were selected for: a low base-flow period, August 5, 196U; a medium base-flow period, September 27, 1966; and a high base-flow period, October 30, 1962. Values of Bf were obtained as outlined on page 7 for the nine low-flow partial-record stations. These values were substituted into equations (l) and (2) to determine estimates of Q-^2 and $7 10* When compared to Qy 2 and $7,10 values listed in table 1, the following SE's were determined for £he estimated low-flow characteristics SE using streamflow data from other As illustrated, equations (l) and (2) produce satisfactory results for low and medium base-flow conditions. However, unsatisfactory results were obtained for high base-flow conditions. Equations (l) and (2) were used to estimate low-flow characteristics at Ul sites (table l). These were not used on the main stem of the Red Cedar River downstream from Mikana.
Equations (l) and (2) also can be used to estimate low-flow characteristics at ungaged sites in the Red Cedar River basin. To use the equations Bf can be determined by the following methods:
1.
A base-flow discharge measurement can be obtained, during low to medium base-flow conditions (flow duration greater than 60 percent), at the site to determine a Bf value. The Bf values can then be calculated using the procedure outlined on page 7-The recorded streamflow and 90 percent flow duration for the indicated gaging stations can be obtained from the U.S. Geological Survey district office in Madison.
2.
For sites that are located in an area where a high degree of uniformity exists among Bf values shown on plate 1 and the site is close to a measured site, the Bf value from the subbasin could be used.
Low-flow characteristics for nine miscellaneous sites downstream from Mikana were determined from a plot of drainage area versus discharge. Discharge measurements made during the August 23-26, 1977» and March 21, 1978 , periods were plotted against their respective drainage areas to establish a relation line. The Qy 2 an^ ^7 10 discharge for the three gaging stations on the Red Cedar River also'were plotted. To establish 0^7,2 and Q7 9 io relation lines, lines parallel to the August 23-26 relation were drawn through the 0*7,2 and-^7 10 values at the gaging stations. The low-flow characteristics at the nine miscellaneous sites on the Red Cedar River below Rice Lake were determined from this relationship.
To estimate low-flow characteristics at ungaged sites on the main stem of the Red Cedar River a relationship between discharge and stream length was established ( fig. 2) . The relationship was based on data from the and (2) were used to estimate the Qf 2 an<^ ^7 10 discharge at sites where only base-flow discharge measurement was available and not on the main stem of the Red Cedar River downstream from Rice Lake.
To use the equations for sites that are not included in this report would require a base-flow discharge measurement. The discharge measurement then could be used to determine a base-flow index value. For sites on the Red Cedar River downstream from Mikana, low-flow characteristics can be determined on the basis of river miles with figure 2.
